A significant proportion of college students are adult children of an alcoholic parent (ACoA), which can confer greater risk of depression, poor self-esteem, alcohol and drug problems, and greater levels of college attrition. However, some ACoA are resilient to these negative outcomes. The goal of this study was to better understand the psychobiological factors that distinguish resilient and vulnerable college-aged ACoAs. To do so, scholastic performance and psychological health were measured in ACoA college students not engaged in hazardous alcohol use (resilient) and those currently engaged in hazardous alcohol use (vulnerable). Neural activity (as measured by functional magnetic resonance imaging) in response to performing working memory and emotionbased tasks were assessed. Furthermore, the frequency of polymorphisms in candidate genes associated with substance use, risk taking and stress reactivity were compared between the two ACoA groups. College ACoAs currently engaged in hazardous alcohol use reported more anxiety, depression and posttraumatic stress symptoms, and increased risky nicotine and marijuana use as compared to ACoAs resistant to problem alcohol use. ACoA college students with current problem alcohol showed greater activity of the middle frontal gyrus and reduced activation of the posterior cingulate in response to visual working memory and emotional processing tasks, which may relate to increased anxiety and problem alcohol and drug behaviors. Furthermore, polymorphisms of cholinergic receptor and the serotonin transporter genes also appear to contribute a role in problem alcohol use in ACoAs. Overall, findings point to several important psychobiological variables that distinguish ACoAs based on their current alcohol use that may be used in the future for early intervention.
Introduction
One-fourth to one-third of college students meet the criteria to be an adult child of an alcoholic parent (ACoA; Kelley et al., 2008) . The impact of growing up with one or more alcoholic parent/s can be traumatic for a child (Mackrill and Hesse, 2011) . In fact, ACoA status is correlated with increased occurrences of depression (Kelley et al., 2010; Klostermann et al., 2011) , anxiety (Woodford et al., 2011) , alcohol abuse (LaBrie et al., 2007) , low self-esteem (Neighbors et al., 2004) , greater risk for developing substance use problems (Yoon et al., 2013; Eddie et al., 2015) , and higher levels of college attrition (Kitsantas et al., 2008) . Specifically, ACoA have been reported to have greater difficulty in adjusting to college life during their freshman year than students from non-alcoholic homes (Porter and Pryor, 2007) . The difficulties in college experienced by many ACoA students may be due to poor psychological and/or social functioning Hill et al., 2001) , cognitive difficulties affecting scholastic performance , or a combination of these factors, which are likely to be also compounded by the propensity for hazardous alcohol use in this population (Yoon et al., 2013; Eddie et al., 2015) .
The majority of research investigating neural-behavioral correlates of ACoA relates to reward sensitivity, motivation, behavioral disinhibition/impulsivity and risky decision making, given that these are risk factors for alcohol use disorder (AUD) (Schweinsburg et al., 2004; Bjork et al., 2008; Acheson et al., 2009; Andrews et al., 2011; Cservenka and Nagel, 2012; Yau et al., 2012; Dager et al., 2013; Kareken et al., 2013; Weiland et al., 2013) . Studies comparing adolescents with a familial history of AUD (1st or 2nd degree biological relative without necessarily being raised by this relative) to those without such history have provided some indication that family history alone alters neural functioning during emotional or cognitive processing. For example, the frontal cortex (medial frontal gyrus, dorsolateral frontal cortex, dorsal anterior cingulate) is necessary for executive functioning that is critical for day-to-day and scholastic performance of tasks like working memory, and is less active in adolescents with family history of AUD (Cservenka and Nagel, 2012; Mackiewicz Seghete et al., 2013) . Likewise, the activity of subcortical regions such as the amygdala, necessary for appropriate emotional processing and responding, is also reduced in young adults with a family history of AUD (Glen et al., 2007; Cacciaglia et al., 2013) , suggesting reduced ability to engage appropriately with emotional stimuli. Thus, a family history of AUD may confer psychosocial, cognitive, and alcohol problems on offspring via poor frontal cortical-to-subcortical neural functioning.
Adult offspring of alcoholics have a 2.5 to 4.4 fold increase in the chance of developing AUD in their lifetime as compared to children of non-AUD parents, with greatest risk conferred by being raised by two alcoholic parents (Yoon et al., 2013) . This risk is likely conferred by an interaction between genetic and environmental factors, given that genetic influences can contribute to alcohol use (Goate and Edenberg, 1998; Köhnke, 2008) and being raised by an alcoholic parent is associated with increased adverse childhood experiences, increased psychosocial behaviors associated with alcoholism in youth, and greater risk for adult AUD (Anda et al., 2002; Hussong et al., 2007) . However, most research using youth or adult children of alcoholics normally involves individuals who are selected based on family history of AUD with no consideration for whether they were raised by an individual with AUD. Furthermore, participants in such studies are often without extensive current alcohol problems themselves, likely representing a resilient subpopulation of ACoA (Heitzeg et al., 2008) . For example, previous research examining polymorphisms in genes of ACoA have shown relationships with brain derived neurotrophic factor polymorphisms and executive functioning (Benzerouk et al., 2013) , and dopamine D2 receptor A1 allele expression with risk seeking (Ratsma et al., 2001 ). However, these prior studies used resilient, healthy ACoA so it is not clear whether genetic polymorphisms contribute to at-risk and resilient ACoA phenotypes.
In the few neural studies including adolescents with both low and high alcohol problems who have a family history of AUD, there appear to be effects on neural functioning that can be attributed to current alcohol use and other effects attributable to a family history of alcoholism (Heitzeg et al., 2008 (Heitzeg et al., , 2010 . For example, failure to deactivate the frontal cortex during response inhibition in a go/no-go task in adolescents with a positive family history of AUD is only apparent with current alcohol problems, whereas failure to deactivate the striatum is observed in adolescents with a family history of AUD regardless of current alcohol use (Heitzeg et al., 2010) . Therefore, to effectively study underlying psychobiological factors that might lead to higher levels of problems in college students, the current study included ACoAs exhibiting risky or hazardous alcohol use (that is, a vulnerable subpopulation), in addition to those not currently engaged in hazardous alcohol use (a resilient population).
To better understand the psychobiological factors that distinguish outcomes for ACoAs, this study tested the hypothesis that ACoA college students engaged in hazardous alcohol use would show poorer scholastic performance and psychological health as compared to ACoAs without problem alcohol use, and this would be reflected in altered cortical activity during working memory performance and emotional processing. We also hypothesized that the frequency of polymorphisms in genes associated with increased risk for substance use, risk taking and stress reactivity would be higher in ACoA college students engaged in hazardous alcohol use, which might partially account for observed differences in neural and emotional reactivity between the two groups.
Materials and methods

Participants
All experimental procedures received approval from the Institutional Review Board of the University of South Dakota. Fortyfour right-handed college students were enrolled through advertisements on the campus of a Midwestern University (see Table 1 for demographics). Participants completed initial screening to determine whether they met criteria for an adult child of an alcoholic parent (ACoA) who was their caregiver, using the Children of Alcoholics Screening Test (CAST, Jones, 1983) to be included in the study. A score of 6 or above on the CAST indicated the participant was more than likely the child of an alcoholic/s and raised by this parent/s. Informed written consent was obtained at the start the initial screening and participants received $20 for this the initial screen.
Assessment of alcohol and substance use, and mental/physical health
The Alcohol Use Disorders Identification Test (AUDIT, World Health Organization, 1982) was used to assess hazardous alcohol use. Participants who met the criteria for the non-hazardous alcohol use group had a score below 8 (n = 23) and those in the hazardous alcohol use group had scores of 8 or greater (n = 21). The division of young adults into groups based on their current hazardous alcohol use is justified based on the observation that ACoAs who are not exhibiting problem alcohol problems at this age are likely to represent resilient individuals (Heitzeg et al., 2008) .
Other measures collected included the Beck Anxiety Inventory (BAI; Beck and Steer, 1993) , Beck Depression Inventory (BDI-II; Beck et al., 1996) , the Posttraumatic Stress Disorder Checklist (PCL; Weathers et al., 2013) , Alcohol, Smoking, and Substance Involvement Test (AS-SIST, World Health Organization, 2010), and the Duke Health Profile, (The DUKE, Duke University, 2012). Participants self-reported their current grade point average (GPA) as well as college entrance exam scores (ACT/SAT), which were later confirmed for those undergoing the fMRI portion of the study with an unofficial transcript and a copy of their ACT/SAT exam score records.
2.3. fMRI procedures and blood sampling 2.3.1. Screening
At the time of initial screening and interview, participants were also screened for contraindications to magnetic resonance imaging (MRI). Participants were excluded from the functional MRI (fMRI) portion of the study if they had contraindications to MRI or exhibited possible psychotic or other psychological symptoms that would make inclusion in the study potentially hazardous to them. This resulted in the removal of 16 of the 44 enrolled participants, leaving twenty-eight subjects participating in the fMRI and blood sampling portion of the study (14 each of the non-hazardous and hazardous groups). Participants were invited to complete the fMRI portion of the study within a week of their initial screen. Informed written consent was obtained immediately prior to participating in the fMRI portion of the study and participants received $75 to cover travel expenses to and from the scanning location.
Apparatus
Participants lay supine in the bore, with their head stabilized by noise-canceling headphones and foam padding. Images were presented on an MR-compatible 30″ LCD screen (Invivo, Gainesville, FL) that was placed at the head of the scanner and reflected with a rearward facing single reflection mirror box that was affixed to the top of the head-coil. Behavioral responses were collected utilizing an MR-compatible 4-button response box (Lumina LP-400, Cedrus Corporation, San Pedro, CA) placed at participant midline, just below the chest in order to minimize participant movement throughout the experiment. The response pad consisted of a keypad with four horizontally arranged buttons; participants were instructed to only press button one with their index finger to respond (or two buttons to move the scale bar to the left or right for the ranking emotion task) using their dominant (right) hand. To ensure the button box did not move throughout the experiment, it was affixed to the participant's wrist via a Velcro strap. Stimulus presentation and data recording were accomplished using a dedicated PC running custom LabVIEW software (LabVIEW 2015, National Instruments, Austin, TX).
Blood sampling and in-scanner tasks
Prior to the scanning session participants were given a breath analysis test to confirm a blood alcohol content of 0.00% using an AlcoSensor FST (Intoximeters Inc.). Participants had a 5 ml blood sample collected in heparin-coated tubes prior to scanning as well as immediately after the imaging was completed, with samples kept on ice until processing. Participants were briefed on the tasks that they were to complete in the scanner, and were allowed to practice each task on a laptop computer until they felt comfortable (< 10 min for all participants). Participants then were positioned into a 3-Tesla whole-body Siemens Skyra scanner, with a 20-channel birdcage RF coil (Siemens, AG). Participants completed three tasks in the scanner -the order randomized among participants. Tasks were all presented in an eventrelated design. It is important to note that the imaging tasks utilized did not incorporate a jittered (varying the timing of the TR relative to stimulus onset) design. By using a fixed inter-trial interval, we maximized our ability to detect changes in the amplitude of the hemodynamic response function (HRF). However, a drawback to this design is the implicit assumption that the shape of the HRF is equivalent in all conditions. As there were no a priori predictions that the shape of the HRF would vary as a function of condition, we favored the increased statistical power associated with a fixed inter-trial interval (Dale, 1998; Liu et al., 2001) . After completion of the three tasks, T1-weighted anatomical images were collected.
Two working memory tasks were chosen to determine neural activity in response to both working memory alone (using geometric stimuli) and working memory with emotional load (using emotionallyvalenced stimuli). Furthermore, a third task, was included that required participants to evaluate the valence of the stimulus to probe neural activity while evaluating emotional stimuli in the absence of working memory processes.
2-back visual working memory task
Participants were required to indicate by button press if the current image matched the image presented two steps earlier (Mackiewicz Seghete et al., 2013) . Images were selected from a set of 30 geometric shapes (Fig. 1A) , and each image was presented for 500 ms with a 1500 ms inter-trial interval, 80 stimuli presented per run, three runs total. Response time, errors and correct responses were recorded.
2-back visual working memory task with emotional load
Participants were also asked to perform a 2-back task with emotionally arousing images. Images were derived from the International Affective Picture System (IAPS, Bradley and Lang, 2007; Fig. 1B) , and conditions of neutral, positive and negative images (30 of each) were presented in a counter-balanced manner for 500 ms with a 1500 ms inter-trial interval, across nine runs (80 stimuli per run). Response time, errors, and correct responses were recorded.
Ranking emotion task
Participants were presented with 90 IAPS images with comparable valence ratings as those used in the 2-back working memory task with emotional load. The same image was not used in both 2-back and ranking tasks to avoid habituation to the image. Images were presented for 500 ms over three runs, and participants were allowed a further 5500 ms to use button press to move a scale bar towards a happy or sad face on the horizontal plane at the bottom of the image, with starting position at neutral (Fig. 1C ). Rankings were recorded on a scale of 0-7 with 0 being most positive and 7 being most negative.
Image acquisition
All MR Imaging data was collected on a Siemens 3 T Skyra scanner. The functional imaging data consisted of standard T2*-weighted pulse sequence which was aligned to T1-weighted anatomical images. Acquisition consisted of a 3D anatomical T1 weighted scan, where volumes were collected in the sagittal plane using an MP-RAGE sequence [TR, 1900 ms; TE, 2.13 ms; FOV, 256 × 256 × 256; in-plane resolution, 0.9 mm × 0.9375 mm × 0.9375 mm voxels; flip angle, 9°]. Functional MRI volumes were collected using a T2*-weighted, singleshot, gradient-echo, echo-planar imaging acquisition sequence [TR, 2000 ms; TE, 30 ms; FOV, 220 × 220; slice thickness, 4 mm; gap thickness, 1 mm; in-plane resolution, 3.44 mm × 3.44 mm; matrix size, 64 × 64 mm; flip angle, 90°].
Analysis of single nucleotide polymorphisms (SNP)
2.4.1. DNA extraction DNA from 27 samples were extracted using the QIAsymphony® instrument coupled with the QIAsymphony® DSP DNA midi kit version 1.0 according to the manufacturer's instructions (QIAGEN Inc., Germantown, MD). The extracted DNA was eluted into ATE buffer composed of 10 mM Tris-Cl pH 8.3, 0.1 mM EDTA, and 0.04% NaN3 (sodium-azide) with a final eluate volume of 200 μl.
SNP genotyping
Forty-three different polymorphisms (42 single nucleotide polymorphisms (SNPs) and the SERT 5-HTTLPR; detailed in Table 2 ), putatively associated with addiction, risk taking behaviors, stress sensitivity or mental health, were assayed for each sample. SNPs that were chosen included those in the alcohol dehydrogenase family related to alcohol dependence and metabolism Macgregor et al., 2009; Palmer et al., 2015) , the monoamine systems which influence mental health and substance dependence , Le Strat et al., 2008 , Cao et al., 2011 , Duncan and Owen, 2000 , Herman and Balogh, 2012 , Vereczkei et al., 2013 , Clarke et al., 2014 , ChingLópez et al., 2015 , the CRF system involving major depressive disorders (Kertes et al., 2011; Ching-López et al., 2015) opioid and GABA receptors involving multidrug use and treatment outcomes/relapse (Dick et al., 2004 , Anton et al., 2008 , Lind et al., 2008 , Kertes et al., 2011 , Xu et al., 2013 , Li et al., 2014 as well as several SNPs selected for their involvement in alcohol dependence and resiliency (Foroud et al., 2008; Bevilacqua and Goldman, 2009; Wetherill et al., 2008; Marcos et al., 2012) . Extracted genomic DNA from each sample was normalized in DNA suspension buffer composed of 10 mM Tris and 0.1 mM EDTA to a working concentration of 20 ng/μl. For each SNP, normalized genomic DNA was added to a cocktail of TaqMan® Genotyping Master Mix and TaqMan® fluorescently labelled probes (Vic and Fam) in a ratio of 2 μl, 2.5 μl, and 1.5 μl respectively (Thermo Fisher Scientific, Waltham, MA). The DNA/PCR mix was loaded into a Bio-Rad 384 well plate (Bio-Rad, Hercules, CA) to undergo PCR amplification. PCR was performed on the Applied Biosystems ViiA 7 Real-Time PCR System (Thermo Fisher Scientific, Waltham, MA) with the following cycling parameters: 30 second pre-read stage at 60.0°C, 10 minute initial denaturing step at 95.0°C, PCR stage consisting of a 92.0°C denature step alternating with a 60.0°C annealing step for 40 cycles, followed by a 30 second post-read stage at 60.0°C. Genotype calls were made using TaqMan® Genotyper Software v1.3.1 by Life Technologies (Thermo Fisher Scientific, Waltham, MA).
SERT 5-HTTLPR
A promoter polymorphism in solute carrier family 6 member 4 -SLC6A4 (Serotonin transporter or SERT) was also genotyped. The serotonin-transporter-linked polymorphic region (5-HTTLPR) is a functional polymorphism present in the promoter region of the serotonin transporter gene and has received intense scrutiny with several studies being carried out on its role in a diverse range of psychiatric disorders and phenotypes. The 5-HTTLPR is a variable number tandem repeat (VNTR) consisting of varying 20-23 bp imperfect repeat sequences. Within the VNTR loci, a SNP (rs25531) specific to the long allele is also present. Functionally, the S (14-repeat) allele variant reduces the transcriptional efficiency of the promoter, leading to reduced expression and decreased serotonin uptake in cell lines when compared to the L (16-repeat) allele (Lesch et al., 1996) . For a number of years, the 5-HTTLPR was considered functionally biallelic (e.g. either L or S). However, more recent studies have shown the 5-HTTLPR to be triallelic (S, L A , and L G ) (Hu et al., 2006) . The characterization of an A > G SNP (rs25531) within the L allele of 5-HTTLPR creates a functional AP2 transcription factor binding site and subsequently attenuates mRNA expression which has led to the consideration for this loci to be triallelic (S, L A , and L G ) (Hu et al., 2006; Kraft et al., 2005) . Expression from the L G allele has been shown to be equivalent to the S allele (Ehli et al., 2012; Hu et al., 2006) , so for purposes of this study we designate two separate alleles for analysis -S & L G in one group and L A alleles in the second group based on transcriptional efficiency. 5-HTTLPR and rs25331 was genotyped using restriction length fragment polymorphism (RFLP) with MspI. Primer sequences for 5-HTTLPR were forward primer (5′-ATGCCAGCACCTAACCCCTAATGT-3′) and the reverse primer (5′-GGACCGCAAGGTGGGCGGGA-3′). This primer pair amplifies a 419 base pair product for the 16-repeat L allele and a 375 base pair product for the 14-repeat S allele. PCR reactions were performed using a PCR Master Mix (Promega, Madison, WI, USA) containing a final concentration of 1.5 mM MgCl 2 , 1× reaction buffer, 200 μM of each dNTP, 40 ng purified genomic DNA, 1.25 units Taq DNA polymerase, and 5pmols of each primer in a 25 μl reaction. PCR cycling conditions consisted of an initial denaturation at 95°C for 15 min, 35 cycles each consisting of 30 s at 94°C, 30 s at 66°C, and 40 s at 72°C. Elongation was continued for 15 min at 72°C after the last cycle. To genotype the single nucleotide polymorphism (A > G), 10 μl of the PCR product was subjected to restriction fragment length polymorphism analysis (RFLP) with an MspI restriction digest. The L G polymorphism specific to the long allele introduces an additional MspI restriction site within the PCR product. Fragments were separated on a 2% agarose gel supplemented with ethidium bromide (0.02%). The fragments used to discriminate each genotype are as follows: L A (326 Neuropsychopharmacology & Biological Psychiatry 81 (2018) 284-296 and 93); and L G (152, 174, and 93 base pairs); S (283 and 83 base pairs).
Data analysis
Demographic and assessment data, in-scanner behavioral data, and SNP data were analyzed with Sigma Plot for Windows v13.0 (Systat Software Inc., San Jose, California, USA). Significance levels for all statistical tests were set at p < 0.05. Assessment measures were compared among non-hazardous and hazardous groups by t-test (Table 1) . For those assessment tools that had a cut-off score to indicate greater risk or psychopathology, the number of participants in each group below and above the cut-off were also compared using separate Chisquared tests. To determine an effect of hazardous alcohol use on behavioral measures, separate two-way mixed design ANOVAs were used (group × stimulus condition), with significant interactions further analyzed by Student-Neuman-Keuls (SNK) post-hoc tests for multiple comparisons. Differences in allele frequency for the 43 SNPs analyzed were compared among the two groups with separate Chi-squared tests. Due to the low subject number for SNP identification, the Chi-squared tests used for the SNP analysis were not corrected for multiple comparisons. Therefore, SNP findings should be treated as preliminary and require confirmation with a larger data set. Those SNPs that approached significance were further analyzed by grouping participants based on genotype (e.g. Nugent et al., 2012) and comparing AUDIT and ASSIST scores across the three genotypes using one-way ANOVA, followed by SNK post-hoc tests for multiple comparisons.
Anatomical and functional images were processed and analyzed using Brain Voyager for Windows v20.2 (Rainer Goebel, Brain Innovation, Maastricht, The Netherlands). Preprocessing of functional data included slice scan time correction (cubic spline interpolation with an ascending/interleaved scanning order), 3D motion correction (trilinear/sinc interpolation with reference to the first volume of each run), and temporal filtering (high-pass GLM-Fourier filter with two sines/ cosines). Both functional and isovoxelized anatomical data were then coregistered, adjusted to the ACPC plane, and normalized to Talairach space. Following coregistration between functional and anatomical data, spatial smoothing (Gaussian kernel; full-width at half maximum (FWHM) = 8 mm) was also performed. All whole-brain analyses (ANOVA, t-tests) were conducted in Brain Voyager with a cluster detection threshold of 300 voxels at p < 0.001, and significant clusters were subjected to Monte Carlo simulation to correct for multiple comparisons with a false discovery rate of p < 0.05. This cluster thresholding approach (Forman et al., 1995) is recommended as a method to reduce false positives, increase localization, and aide in the accurate interpretation of fMRI results (Woo et al., 2014) .
The first level of whole-brain analysis consisted of one-way ANOVA for the geometic shape 2-back working memory task (one factor of group) and separate two-way mixed design ANOVAs (group x stimulus condition) for the 2-back working memory task with emotional load and the rating of emotional images. Significant clusters were further analyzed by extracting β values and applying SNK post-hoc tests for multiple comparisons. The relationship between psychological measures (CAST, AUDIT, BDI, BAI and PCL) and brain activity (β weights) were determined using multiple linear regression analysis. The second level of whole-brain analysis was concerned with patterns of activity that would characterize hazardous and non-hazardous alcohol use within each of the three tasks to assess task/condition effects within each group. Thus, condition effects on blood-oxygen level dependent (BOLD) activity across the brain within each group were analyzed by separate repeated measure ANOVAs followed by pairwise t-test comparisons contrasting each condition. Peak voxels were used to determine p values, while all other measures including anatomical location were determined from the center of the volume of interest. Table 1 highlights similarities and differences between ACoA college student assessment measures, based on whether they currently exhibit non-hazardous or hazardous alcohol use. The two groups were similar in meaningful ways, ruling out some confounding variables. All of the CAST scores were well above the criterion cut-off of 6, and did not significantly differ (Table 1 ). The proportion of participants with one vs. two parents/caregivers with alcohol problems was equal among the two groups (data not shown), important given that previous research suggests that adults with two alcoholic parents are at two-fold greater life-time risk in developing AUD as compared to adults with one alcoholic parent (Yoon et al., 2013) . Finally, ACT and SAT scores did not significantly differ ( Table 1) .
Results
Substance use, mental and physical health, and scholastic performance
As would be expected, hazardous alcohol participants had significantly higher AUDIT scores (Table 1) , an effect mirrored by higher scores on the alcohol scale of the ASSIST (Table 1) . Hazardous-use participants also reported significantly higher use of sedatives and higher use and risk for abuse of other substances such as tobacco and marijuana (Table 1) . Furthermore, hazardous alcohol use participants had a lower current GPA as compared to non-hazardous use participants (Table 1) .
With regards to psychological and physical health, hazardous alcohol use participants reported significantly poorer mental, social and general health, as well as perceived health, and increased disability (Table 1) on the Duke Health Profile. Participants engaged in hazardous alcohol use also reported higher anxiety and depression scores on the Beck scales and higher posttraumatic stress symptoms on the PCL as compared to non-hazardous alcohol group (Table 1) . Furthermore, the percent of participants reaching the diagnostic criteria of the Beck Depression Inventory (Beck et al., 1996) and Beck Anxiety Inventory (Beck and Steer, 1993) were significantly higher among hazardous alcohol participants (χ 2 (3) = 33.98, p < 0.001; Fig. 2A and χ 2 (3) = 25.88, p < 0.001; Fig. 2B, respectively) . The diagnosis score for PTSD within a civilian population is > 30 on the PCL (Weathers et al., 2013) . The majority of participants in both groups reported scores above this criterion but a significantly greater proportion of participants engaged in hazardous alcohol use scored above 30 on the PCL (χ 2 (1) = 5.25, p = 0.022; Fig. 2C ).
Performance on working memory and ranking emotion tasks
For the 2-back working memory task comprised of geometric shapes (Fig. 1A) , no significant differences were found between non-hazardous and hazardous groups in response time or total errors (Table S1 ). Similarly, there were no significant differences (main effects or interactions) in response time or total errors, false positives and misses between hazardous and non-hazardous groups or across conditions for the 2-back working memory task with emotional load (Fig. 1B; Table S1 ).
Within the ranking emotion task (Fig. 1C) , images were ranked similarly by non-hazardous and hazardous groups (F (1,50) = 0.0886, p = 0.767). However, there was a significant difference in ratings across the three emotional conditions (F (2,50) = 166.425, p < 0.001; Fig. 3 ), but no interactions between group and condition were found (F (2,50) = 1.267, p = 0.296).
Changes in BOLD activity during working memory and ranking emotion tasks
An examination of movement in all 6-planes (translation in X, Y, and Z and rotation about X, Y, and Z) revealed one participant exceeded movement of 1 mm of translation or 1-degree of rotation in the majority of runs/trials and this participant was removed from further analysis (hazardous group). However, there were no significant differences in movement between experimental groups. Primary whole-brain analysis comparing the two groups within each of the three tasks revealed no significant group or group × condition effects for the working memory tasks. However, a group × condition effect was observed for the left lateral middle frontal gyrus (BA10), a component of the frontopolar cortex (Fig. 4A) , during the ranking emotion task (group × condition F (2,40) = 6.640, p = 0.003). Non-hazardous participants showed less left BA10 activity in the negative vs. both neutral and positive conditions (p = 0.032 and 0.028 respectively) which was not observed in the hazardous alcohol participants (p > 0.05; Fig. 4B ). Thus, hazardous alcohol participants exhibited greater left BA10 activity in the negative condition when compared to non-hazardous participants (p = 0.027; Fig. 4B ). Furthermore, multiple linear regression analysis revealed that left BA10 activity in the negative condition could be predicted from a A priori secondary analysis examined task effects within the two groups. BOLD activity during the 2-back working memory task is detailed in Table S2 . Fig. S1 highlights several patterns of activity that differed between the non-hazardous and hazardous alcohol groups (vs. fixation). The non-hazardous alcohol group exhibited increased activity in the left precentral gyrus (Brodman's area [BA] 6), and left inferior temporal gyrus (BA37) (Fig. S1A) , decreased activity in the right middle frontal gyrus (BA10) and right precuneus (BA31) (Fig. S1B) as well as increased activity in the right fusiform gyrus (BA19) (Fig. S1C) . In contrast, the hazardous alcohol use group exhibited increased bilateral activity in the dorsal anterior cingulate (BA32) and decreased activity in the left posterior cingulate (BA23) (Fig. S1D) as well as decreased activity in the right parahippocampal gyrus (BA36) (Fig. S1E ) and increased activity in the left insula (BA13) (Fig. S1F) .
When emotional load was added to the 2-back working memory task, different patterns of activity were noted throughout the brain as compared to the 2-back working memory task comprised of geometric shapes. These findings are detailed in Table S3 , and Figs. S2-S3 highlight the patterns of activity that differ between non-hazardous and hazardous alcohol groups. Within the negative condition (vs. neutral), the non-hazardous group exhibited increased activity in the right and left posterior cingulate (BA23 & 31; Fig. S2A-B) as well as the fusiform gyrus (BA37; Fig. S2C ). The non-hazardous group also exhibited increased activity in the left interior frontal gyrus (BA9 & 13; Fig. S2D-E) as well as the right superior temporal gyrus (BA38; Fig. S2F ). However, within the same negative condition, the hazardous alcohol use group only exhibited an increase in activity in the right superior temporal gyrus (BA39; Fig. S3 ) in a more caudal location than that exhibited by the non-hazardous group (compare to Fig. S2F ).
When participants were asked to rate the emotional valence of images comparable to those used in the 2-back working memory task with emotional load, the patterns of neural activity across the brain were quite distinct from those elicited by the similar images in the 2-back task. Significant findings from whole-brain analyses performed for each group are detailed in Table S4 and differences in patterns of neural activation between hazardous and non-hazardous alcohol groups are illustrated by Fig. S4 . The non-hazardous alcohol group exhibited increased activity in the left middle frontal gyrus (BA10), and also showed increased activity in the left anterior cingulate (BA32) and the right lingual gyrus (BA18) when negative and positive conditions were Non-Hazardous Hazardous * Fig. 3 . Ranking of the emotional images used for the 2-back working memory task. Participants ranked the images on a reverse scale (0-7) with 7 being most negative. Nonhazardous and hazardous alcohol users ranked the images similarly, with rankings across the three conditions significantly different. Data represent mean ± SEM. *Significant difference between the 3 conditions (neutral, negative and positive, p < 0.001).
contrasted ( Fig. S4A-C respectively) . The hazardous alcohol use group exhibited decreased activity in the middle temporal gyrus (BA39; Fig.  S4D ) and the left middle occipital gyrus (BA18; Fig. S4E ) in negative vs. positive conditions. In addition, the hazardous alcohol use group showed reduced activity in the left posterior cingulate gyrus (BA31; Fig.  S4F ) when the positive condition was contrasted with neutral.
Single nucleotide polymorphisms
A total of 43 polymorphisms from candidate genes were genotyped that have been shown to be related to risk taking, substance use, or mental health and the allele frequencies for each in the study sample are detailed in Table 2 . The hazardous alcohol group had a higher frequency of alleles shown to have lower transcriptional activity (S & L G ) of the serotonin transporter (SLC6A4) compared to the nonhazardous alcohol group (χ 2 (1) = 4.783, p = 0.029). No other significant differences were found in allele frequencies between hazardous and non-hazardous alcohol use groups for any other polymorphism examined in this preliminary study, however, rs1455858 (CHRM2; cholinergic muscarinic receptor 2), rs1051730 (CHRNA3; cholinergic nicotinic receptor alpha 3), rs16969968 (CHRNA5; cholinergic nicotinic receptor alpha 5) and rs1948 (CHRNB4; cholinergic nicotinic receptor beta4 subunit) all showed trends towards significance (Table 2 ). To determine whether there was a 'dose-response' or additive effect of alleles on alcohol use, AUDIT scores were compared across the three possible genotypes for each of these five polymorphisms. As illustrated by Fig. 5 , AUDIT scores were significantly higher for T/T carriers of the rs1051730 for CHRNA3 (F (1,24) = 5.094, p = 0.014; SNK p < 0.05; Fig. 5A ), for C/C carriers of the rs1948 (CHRNB4) (F (1,24) = 4.788, p = 0.018; SNK p < 0.05; Fig. 5B ) and for A/A carriers of the rs16969968 for CHRNA5 (F (1,24) = 5.094, p = 0.014; SNK p < 0.05; Fig. 5C ). No significant difference in AUDIT scores across the three genotypes were observed for rs1455858 (CHRM2) (F (1,24) = 0.464, p = 0.502) or for 5-HTTLPR (SLC6A4) (F (1,24) = 1.193, p = 0.321) (Fig. 5D-E) . Furthermore, ASSIST scores for tobacco use did not significantly differ across the genotypes for any SNP (p > 0.05).
Discussion
Given there is limited research comparing psychobiological factors of ACoAs with and without problem alcohol use and the difficulties in college experienced by many ACoA students Hill et al., 2001; Schroeder and Kelley, 2008) , this current study provides multiple important findings. In line with the study hypothesis, several differences in self-reported physical and mental health as well as patterns of neural activity during cognitive and emotion ranking tasks were observed in college ACoAs currently engaged in hazardous alcohol use (vulnerable individuals). This was despite the similarities in experiences with alcoholic parents/caregivers among ACoAs with and without problem alcohol use. These differences included lower college GPA, increased symptoms of anxiety, depression and PTSD, reduced physical and social health, and increased risky tobacco, marijuana and sedative use for ACoAs currently engaged in hazardous alcohol use. This was paralleled by distinct patterns of neural activity during cognitive tasks, regardless of the emotional load of the task among ACoA groups with and without hazardous alcohol use, suggesting either vulnerability to alcoholic problems and/or current alcohol status affects cognitive and emotional processing.
Psychological measures
Although there was no significant difference in reported experiences with an alcoholic parent (CAST) between the two groups, those exhibiting hazardous alcohol use also reported higher scores on anxiety, depression and PTSD scales. The current study did not measure current and perceived stress, which is an important factor for future researchhowever increased PTSD symptom severity in the hazardous alcohol group may be indicative of greater current stress levels that could promote drinking behavior. Certainly, PTSD symptom severity is positively related to alcohol consumption and problems (Gaher et al., 2014) . Prior research has also demonstrated that both alcohol and marijuana have been used to reduce a person's unpleasant feelings (Simons et al., 2000) . Specifically, college students have been found to be particularly at risk for using substances to manage distressful emotions (Park and Levenson, 2002) . The hazardous-use participants in the current study reported not only risky alcohol use but significantly more tobacco, sedative and marijuana use than the non-hazardous alcohol group. Therefore, the current findings suggest the possibility that ACoAs with problem alcohol use may also use multiple substances to manage their higher negative psychological symptoms, which should be directly tested in future work. Further, ACoAs engaged in hazardous alcohol use reported significantly lower social health on the DUKE than the non-hazardous group members. Our findings lend support to previous findings that a sense of social belonging was the most significant indicator of an ACoA not engaging in risky alcohol use (Lee and Williams, 2013 ) and a decreased sense of belonging is highly correlated with depressive symptoms (McLaren et al., 2007) . In addition to negative mental health outcomes, being an ACoA is also associated with adverse physical health (Balsa et al., 2009) . Prior research has found that ACoAs have an increased number of serious physician-diagnosed health problems (e.g., hypertension, ulcers, back problems, bowel issues) than control participants (Hart et al., 2003) . Our findings show that hazardous alcohol using ACoAs self-assess as having poorer physical and perceived physical health status than their resilient counterparts, suggesting that current alcohol use is an important factor in adverse physical health associated with being an ACoA.
Neural responses during emotional evaluation and working memory
Participants in the hazardous alcohol group exhibited higher activity in the left lateral BA10 (middle frontal gyrus) when rating negative stimuli as compared to the non-hazardous group. Furthermore, hazardous alcohol use and anxiety scores were positively associated with left BA10 activity during the negative condition. Traditionally activation of the medial rather than lateral BA10 of the frontopolar cortex is observed with emotional conditions (Gilbert et al., 2006) . Instead, the lateral BA10 is associated with executive function, particularly the simultaneous monitoring and integration of multiple cognitive operations, working memory and episodic memory (Owen et al., 2005; Gilbert et al., 2006) . More specifically, the lateral BA10 is thought to be involved in processing internally-generated, introspective information (Christoff and Gabrieli, 2000) . Therefore, it is not surprising that the lateral BA10 is implicated autobiographical memory, with the left lateral BA10 recruited when individuals elaborate on personal memories during autobiographical memory retrieval (Daselaar et al., 2008) . Greater activity in the left lateral BA10 of individuals with hazardous alcohol use and higher anxiety, depression and PTSD scores is thus suggestive of introspective and potentially autobiographical processing of the negative images that elicited this activity.
Similar to the current study, activity in left lateral BA10 region of the frontopolar cortex has been positively associated with anxiety levels in schizophrenic patients during the negative condition of a social rejection paradigm (Lee et al., 2014) . Furthermore, activity of this specific region is also implicated as an important indicator of exposure therapy-induced reductions in PTSD symptoms (Fonzo et al., 2017) . The current and past findings combined suggest that left lateral BA10 activity may serve as a potential biomarker of altered processing of negatively-valenced stimuli, and in the case of the current study, even in the absence of differences in rating the negativity of such stimuli.
The BA10 is one of the last cortical regions to maturate (Ramnani and Owen, 2004) and is thus likely to be susceptible to modifications in structure and function as a result of perturbations up until early adulthood. Therefore, hazardous alcohol use in the young adults of the current study may be a causal factor in the altered activity of this brain region, which warrants further investigation to determine causality. In turn, heightened left lateral BA10 activity is likely to promote and maintain problem substance use. Camchong et al. (2014) show that those with substance use disorder who eventually relapsed over the course of the longitudinal study exhibited greater functional connectivity between the left frontopolar cortex and the nucleus accumbens as compared to those that did not relapse. As suggested by Fonzo et al. (2017) , the lateral BA10 may be a transdiagnostic target that is easily accessible by transcranial magnetic stimulation, and the current study suggests that exploring this idea in at-risk young adults of alcoholic parents could be warranted in the future.
While no direct group differences in neural activity were observed for the working memory tasks, decreased activity in the right middle frontal gyrus (BA10) within the non-hazardous alcohol group was observed when performing the 2-back task without emotional load. This is in line with that seen in adolescence, where youth not engaged in hazardous alcohol use but with family history of AUD show lower activation of BA10 while performing working memory tasks (Cservenka and Nagel, 2012; Mackiewicz Seghete et al., 2013) . These observations, combined with lower activity in the BA10 when rating negative images for non-hazardous participants as discussed above, is suggestive of lower BA10 activity across a variety of tasks as being characteristic of resilience to problem alcohol use in ACoAs.
In addition to the BA10, the posterior cingulate cortex was also revealed as an important region with distinct neural activity depending on hazardous alcohol use in ACoA across the different tasks. During performance of a 2-back task with no emotional load and also when rating negative images, ACoA engaged in hazardous alcohol use showed reduced activity in the posterior cingulate (BA31 and 23), similar to observations of adolescents with family history of AUD (Spadoni et al., 2008) . When the 2-back was performed with emotionally-valenced stimuli, non-hazardous alcohol use participants exhibited greater activity along the axis of the posterior cingulate (BA31-23) within the negative condition of the 2-back, that was absent in the hazardous alcohol use group. Of relevance to the current study population, reduced activation of the posterior cingulate during a decision-making task predicts methamphetamine relapse in dependent adults (Paulus et al., 2005) . Thus, deactivation or lack of activation of the posterior cingulate during cognitive challenges or emotional evaluation within ACOAs engaged in hazardous alcohol use may promote continued alcohol use despite negative consequences.
Candidate gene polymorphisms
One partial explanation for psychological differences between hazardous alcohol and non-hazardous alcohol use ACoAs is that those who engage in hazardous alcohol use have a higher frequency of 5-HTTLPR alleles (SERT) with a reduced transcriptional activity (S/L G ) when compared to the resilient group. These variants reduce the expression of the serotonin transporter resulting in decreased serotonin uptake (Lesch et al., 1996) . Furthermore, these functional variants interact with earlylife adversity to alter cognitive and emotional processing, stress reactivity and alcohol preferences in non-human primates (Champoux et al., 2002; Barr et al., 2003 Barr et al., , 2004 . In humans, several (but not all) studies have demonstrated the transcriptionally repressed variants (S/ L G ) are associated with greater risk of depression, particularly after stressful life events (Canli and Lesch, 2007) and with alcohol dependence (Thompson and Kenna, 2016) . Furthermore, significant SERT gene x life-stress interactions for these variants have been observed in activity of brain regions implicated in the current study, including the superior temporal gyrus, inferior frontal gyrus, insula and anterior cingulate (Canli and Lesch, 2007) . Therefore, psychological health, alcohol use and brain activity engaged during cognitive and emotional processing may differ between ACoAs with and without problem alcohol use partially due to serotonin transporter function. This hypothesis warrants further investigation in a larger sample size given the potential predictive value of serotonin transporter genotype for ACoA outcomes, including treatment efficacy. This is because these reduced transcriptional efficiency variants are associated with reduced responsiveness to serotonin-based antidepressant and cognitive-behavioral therapy (Bryant et al., 2010; Mushtaq et al., 2012; Thompson and Kenna, 2016) .
Several SNP polymorphisms related to cholinergic receptors approached significance when compared in the hazardous and nonhazardous groups, including the muscarinic 2 receptor (rs1455858), and the nicotinic receptor alpha 3 (rs1051730), alpha 5 (rs16969968) and beta 4 (rs1948) subunits. Secondary analysis demonstrated that alcohol use (but not tobacco use) was significantly higher with specific SNP genotypes for these nicotinic receptor subunits, in that allele effects were additive and/or dominant. This suggests that polymorphisms of alpha 3, alpha 5 and beta 4 and nicotinic receptor subunit genes may increase the risk of problem alcohol use in ACoAs. Certainly, SNPs associated with these three nicotinic receptor subunits have received attention in the past, with each SNP associated with nicotine or alcohol dependence (Grucza et al., 2008; Joslyn et al., 2008; Wang et al., 2009 Wang et al., , 2016 Bjørngaard et al., 2013) and collectively conferring risk for early initiation of tobacco and alcohol use (Schlaepfer et al., 2008a,b) . Therefore, larger sample sizes should be employed to test the prediction that nicotinic receptor SNPs contribute to increasing the risk that an ACoA will engage in problem alcohol use.
Summary and conclusions
College ACoAs who are currently engaged in hazardous alcohol use and at-risk for AUD can be distinguished from ACoAs who appear resistant to problem alcohol use by higher negative psychological symptoms and distinct patterns of activity across the brain in response to working memory and emotional processing tasks. Specifically, increased activation of lateral BA10 and deactivation (or lack of activation) of the posterior cingulate observed in working memory and emotional processing tasks characterizes college ACoAs currently engaged in hazardous alcohol use, which may promote further substance use and relapse in these individuals and represent treatment targets in the future. Furthermore, polymorphisms in the serotonin transporter 5-HTTLPR region and cholinergic receptor genes and their interaction with current and perceived stress may play a role in risk for alcohol and substance misuse and reduced psychological health within ACoAs currently engaged in hazardous alcohol use. How these variants may contribute to altered neural activity characteristic of vulnerable young adults is an important future direction. Several limitations of this study, including low sample size for the primary SNP analysis and lack of a comparison sample without familial history of AUD, limit the conclusions that can be made regarding whether the biological and psychological outcomes are a result of current alcohol use or alternatively actually confer risk for alcohol problems. However, the findings from this study point to several important psychological and neurobiological variables that distinguish ACoAs based on their current alcohol use, providing specific direction for future studies in determining psychobiological markers and targets that may be used for early intervention.
Supplementary data to this article can be found online at http://dx. doi.org/10.1016/j.pnpbp.2017.09.010.
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